Purpose
With their prolonged survival and malnutrition, cancer patients, and especially gastrointestinal (GI) tract cancer patients, can develop Wernicke's encephalopathy (WE). The aim of this study is to remind physicians of the importance of WE and prompt management in patients with GI tract cancer.
Materials and Methods
This study is a retrospective review of 2 cases of WE in advanced gastric cancer (AGC) patients, and we review the literature for cases of GI tract cancer related to WE.
Results
A 48-year-old female with AGC presented dizziness and diplopia for 5 days and a 20 kg weight loss. Neurologic exam showed nystagmus and gaze disturbance. Her symptoms improved after daily parenteral injection of thiamine 100 mg for 17 days. A 58-year-old female with AGC presented with sudden disorientation, confusion and 15 kg weight loss. Neurologic exam showed gaze limitation and mild ataxia. Despite daily parenteral injection of thiamine 100 mg for 4 days, she died 5 days after the onset of neurologic symptoms. Combining the cases noted in the literature review with our 2 cases, the 7 gastric cancer cases and 2 colorectal cancer cases related to WE showed similar clinical characteristics; 1) a history of long-period malnutrition and weight loss, 2) relatively typical neurologic signs and symptoms and 3) specific magnetic resonance image findings. Except for 2 patients who had irreversible neurologic symptoms, the other 7 patients were improved with prompt thiamine treatment.
Conclusion
It is important to consider WE in GI tract cancer patients with acute neurologic symptoms and who are in a state of malnutrition. Thiamine should be given as soon as possible when WE is suspected.
chemotherapy. Through the development of new chemotherapeutic agents/regimens and the introduction of the best supportive care, including total parenteral nutrition (TPN), there has been an increased number of AGC patients who achieve long term survival. However, there are still a significant number of AGC patients who suffer from peritoneal carcinomatosis with or without intestinal obstruction. Therefore, AGC patients have higher risk of chronic malnutrition combined with cancer-specific cachexia, suggesting they have a high risk of developing WE. Yet the cases of AGC combined with WE are not as frequently reported as we expected and this probably due to a lack of awareness of this combined condition.
We describe here 2 patients with WE combined with AGC and we also review the medical literature about the clinicopathologic features of WE in advanced GI tract cancer patients. One week after the last chemotherapy, she was admitted for nausea, vomiting and dysphagia. Obstruction of the esophagogastric junction was observed on the abdomen-pelvis computed tomography, and esophagogastric junction stent insertion was performed. After stent insertion, she could tolerate a liquid diet, and she was discharged. Two months later, however, she relapsed with dysphagia, and so she received intermittent parenteral nutrition at home. Her weight loss was about 20 kg during the next 2 months. She was readmitted because of dizziness and diplopia for 5 days. She also had nystagmus and ataxia. The laboratory findings on admission were serum total protein 7.0 g/dL, albumin 3.5 g/dL, BUN 22.3 mg/dL, creatinine 0.7 mg/dL, AST 18 IU/L, ALT 16 IU/L, Na 137 mmol/L, K 3.8 mmol/L, Cl 97 mmol/L, tCO2 25 mmol/L, Ca ++ 4.49 mg/dL, Mg ++ 1.41 mg/dL, ammonia 94 μ g/dL, PT 97% (INR 1.02) and aPTT 27.1 sec. There was no evidence of central nervous system infection or leptomeningeal seeding. Magnetic resonance imaging (MRI) of the brain showed high signal lesion on the bilateral thalami, the midbrain, and the ventral side of the pons on the flare images, and all this was compatible with WE ( Fig. 1) . After 2 days of thiamine 100 mg i.v. administration, which started on hospital day 2, her nystagmus and diplopia were improved. Seventeen days after thiamine injection, she was discharged from the hospital with only mild nystagmus.
Case 2
A 58-year-old woman with AGC (signet ring cell carcinoma) received subtotal gastrectomy with lymph node dissection and gastroduodenostomy (pT3N3M0, Stage IV). She did not receive postoperative chemotherapy because of her poor general condition. About 6 months later, she developed metastasis to the rectus abdominis muscle, omentum and liver, which was seen on abdomenpelvis computed tomography. i.v. bolus day 1�2; 5-FU 600 mg/m 2 i.v. infusion day 1�2, every 2 weeks], she could not continue chemotherapy due to her general weakness, anorexia, nausea, vomiting and weight loss (15 kg for 2 months). Forty-five days after the last chemotherapy, she developed confusion and disorientation for 2 days, and this was followed by ataxia and gaze palsy. Her laboratory findings on admission were serum total protein 5. There was no evidence of central nervous system infection or leptomeningeal seeding. MRI of the brain showed high signal lesion on the bilateral thalami, the hypothalamus and the mammillary bodies on the T2 weighted images (Fig. 2) . On hospital day 2, she also had generalized clonic seizure. The electroencephalogram (EEG) that was taken on hospital day 4 showed low amplitude delta background activity and no posterior dominant rhythm. With the impression of WE, thiamine was injected 100 mg per day on hospital day 2. She then had recurrent seizure attack and aggravation of her general condition, which resulted in death on hospital day 6.
D i s c u s s i o n
The clinical characteristics of WE in patients with GI tract cancer, based on the literature review and our 2 patients, are presented in Table 1 . Among the 7 gastric cancer patients, the females were more common (n=6). The age at diagnosis ranged from 28 to 71 years old, while more than half (n=4) were older than 65 years. WE developed in patients with or without primary gastric surgery. Almost all the patients experienced deterioration of their general performance and they needed parenteral nutrition. More than half of the patients showed ataxia (n=5), nystagmus (n=4) and disorientation (n=4). Five patients showed all the classic triad of WE: ophthalmoplegia, ataxia and encephalopathy. Only one patient showed seizure, which represented the disease severity from long-term thiamine deficiency. Brain MRI was performed in five patients, and all the MRIs showed the characteristic findings of WE. The interval from symptom development to the start of thiamine infusion ranged from the 0 to 12 days. However, in the second case of our report, thiamine replacement started 3 days after the neurologic symptoms and it was ineffective, suggesting the importance of prompt thiamine administration. In addition to the gastric cancer cases, 2 cases of WE were reported in patients with colorectal malignancy and they had clinical characteristics that were similar to those of the AGC patients (Table 1) .
WE develops when thiamine (vitamin B1) is deficient, which is necessary for the metabolism of carbohydrate. Thiamine is activated as thiamine pyrophosphate and it converts pyruvate into acetylCoA, which works as one of the key molecules in the tricarboxylic acid (TCA) cycle. In WE, the thiamine deficiency results in decreased thiamine pyrophosphate, and this deteriorates the carbohydrate metabolism in the brain and the synaptic transmission and it triggers damage of DNA synthesis (7). WE is clinically diagnosed by the classic triad: ophthalmoplegia, ataxia and encephalopathy (1) . Yet WE is underdiagnosed because not all of the classic triad is presented in many cases (8) . WE is partially or fully reversible with thiamine administration (1), but in case of delayed treatment, there is the possibility of death within two weeks after the development of neurologic symptoms (9) . In our 2 cases and the 7 cases from the literature, 7 of 9 patients had improvement of their neurologic signs and symptoms. Therefore, we should pay attention to WE in the GI tract cancer patient with chronic malnutrition. As the proper treatment with thiamine can easily improve the symptoms, an early diagnosis and the early treatment of WE are important. Both our reported cases showed common clinical features as follows: 1) nutritional deficiency due to poor nutritional supplement after chemotherapy for AGC and peritoneal carcinomatosis, 2) deterioration of their general condition with a poor performance status, and 3) weight loss over 12�15 kg during 2 months. Also, the imaging studies as well as the neurologic symptoms and signs were appropriate for WE. Including the other gastric cancer cases from the literature review, the brain MRI findings were compatible for WE. If WE is suspected clinically, not only a neurologic examination, but also brain MRI are useful for making the diagnosis of WE in GI tract cancer patients.
It is not easy to diagnose WE at the early stage in gastric cancer patients. As the symptoms of WE are nonspecific, when AGC patients develop these symptoms, metastasis to the central nervous system or other metabolic conditions such as drug, electrolyte imbalance, hypoxia, uremia, sepsis, liver failure and encephalopathy due to hypoglycemia are usually suspected first, while it is difficult to suspect the metabolic encephalopathy from a relative nutritional deficiency (10) . Delayed encephalopathy due to 5-FU can be considered for those patients who have received 5-FU containing chemotherapy, although it is rare (11, 12) , and especially in our second case with seizure. Yet neurologic disorders such as ophthalmoplegia are rare, and high dose 5-FU infusion over 2,200 mg/m 2 per week is usually required to develop encephalopathy, so the possibility of developing delayed encephalopathy due to 5-FU is thought to be low (13) .
Gastric cancer is the most prevalent cancer and the second highest cause of cancer death in East Asia (14) . The median overall survival of advanced gastric cancer was 3�4 months in the past without chemotherapy, while the median survival has recently increased to 12�13 months in several randomized clinical studies with the newly developed chemotherapeutic agents and the best supportive care. There is the risk of chronic weight loss and nutritional deficiency associated with long term chemotherapy or longer survival. There have been few studies concerned with or guidelines suggested for the proper replacement of trace elements following surgery or chemotherapy for gastric cancer. Therefore, the possibility of metabolic encephalopathy, including WE, should be considered whenever acute neurologic symptoms are developed by AGC patients who have a poor nutritional status. It is necessary to make the early diagnosis with imaging studies, as well as according to a neurologic examination. Parenteral thiamine administration should not be delayed in clinically suspected WE patients when we consider the cost-effectiveness and few side effects such as pruritus and sweating. While there is no consensus about intermittent prophylactic thiamine administration for high risk patients, further studies are required to establish the guidelines for replacement of the trace elements in these patients with GI tract malignancy. 
C o n c l u s i o n
As the median survival of AGC patients has been increased, many gastric cancer patients have a poor nutritional status because of GI tract obstruction, anorexia after chemotherapy and their poor general condition. It is important to consider WE in AGC patients who have acute neurologic symptoms such as ataxia, nystagmus or disorientation. Thiamine replacement should be done as soon as possible if a patient is diagnosed with WE.
